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(57) ABSTRACT

The present invention relates to a system comprising a pro-
cessing unit, a plurality of access nodes adapted to commu-
nicate with a plurality of mobile terminals and wireless back-
haul links adapted to connect said access nodes and a wireless
backhaul termination interfacing with a core network,
According to the present invention:—said processing unit
determining dynamically out of said plurality of access
nodes, access nodes to remain unused and, access nodes to be
used for supporting communication of said mobile terminals,
said determination taking into account at least one optimisa-
tion criterion consisting in reducing the interference between
active access nodes and mobile terminals; said processing
unit determining a mapping between said mobile terminals
and said active access nodes,—said wireless backhaul links
consisting in point-to-multipoint connections between said
wireless backhaul termination and said access nodes.

15 Claims, 2 Drawing Sheets
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MOBILE NETWORK, CORRESPONDING
ACCESS NODE, PROCESSING UNIT AND
METHOD FOR OPERATING THE MOBILE
NETWORK

BACKGROUND OF THE INVENTION

The present invention relates to the field of telecommuni-
cation, and more specifically to a mobile network.

The usual known mobile radio communication networks
are systems based on a cellular architecture. Such systems
reach from the 2nd generation GSM networks, through 3%
generations CDMA, UMTS networks or their evolutions,
through 4% generation LTE or LTE-Advanced networks. The
principle of such systems relies on the fact that a plurality of
base stations is spread in such a way that they offer contiguous
radio coverage in a predefined zone. Each base station is
overlooking a cell, the size of this cell depends on several
factors as for example but not restricted to the maximum
radiating power used at the transmitters’ antenna(s) to com-
municate with terminals in the cell. When a terminal is willing
to establish a communication with the network, it first iden-
tifies in which cell it is located and a network admission
procedure is performed by the base station of the correspond-
ing cell.

FIG. 1 represents a simplified illustration of a known cel-
Iular communication network. The represented cellular net-
work illustrates base stations and terminals located in the
coverage area of one of the base stations and consequently
communicating with this base station. The principle of a
cellular network is that the base stations are serving the ter-
minals located in their cell while the cells are having a pre-
defined size. The backhaul links establishing a connection
between the base stations and the core network or the
enhanced packet core as defined in 3GPP may be wired links
or wireless links in the form of point to point connections.

Performance of such cellular networks and especially of
the newest LTE-Advanced networks has reached a limit
which can be overcome only partially and with a high amount
of additional processing complexity by using techniques as
joint processing COMP (Cooperative Multi Point) or MIMO
(Multiple Input Multiple Output). The most challenging part
in a cellular network consists in the cell edge where the
interference situation prevents it from obtaining a good qual-
ity of service.

Achieving qualitative good user experience at cell edge is
proving difficult even with advanced features like joint pro-
cessing COMP or network MIMO, and introduces high com-
plexity in the network while a large amount of data have to be
exchanged between different base stations for coordination
purpose at the cost of the user data throughput.

A particular object of the present invention is to provide a
new mobile network infrastructure for coping with the above
mentioned shortcomings.

Another object of the invention is to provide network
nodes, a processing unit and a method for operating the
mobile network.

SUMMARY OF THE INVENTION

The present invention is directed to addressing the effects
of'one or more of the problems set forth above. The following
presents a simplified summary of the invention in order to
provide a basic understanding of some aspects of the inven-
tion. This summary is not an exhaustive overview of the
invention. Itis not intended to identify key or critical elements
of the invention or to delineate the scope of the invention. Its
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sole purpose is to present some concepts in a simplified form
as a prelude to the more detailed description that is discussed
later.

These objects presented above, and others that appear
below, are achieved in particular by a system according to
claim 1, a processing unit according to claim 9, and a method
according to claim 11.

The present invention presents a solution for establishing a
wireless network which is no more cell-oriented. Instead, the
mobile network is set up according to user requirements and
location. Serving access nodes are assigned dynamically
while the network architecture is adapted dynamically to user
requirements.

A dynamic wireless backhaul system connects dynami-
cally only those access nodes which are needed to serve the
active users with maximum throughput while generating
minimum interference.

This concept implements dynamic backhauling, where the
access nodes do not have a predefined cellular coverage or
fixed assignment to a specific area, and are controlled by
processing unit 24 overseeing a part of the mobile network.

According to the present invention, the mobile network
comprises a processing unit which has the functionality of
determining which ones out of the available access nodes
need to be active and which ones do not need to be used for
serving the terminals requesting communication with the net-
work. This determination is performed dynamically so as to
take into account the evolving landscape of terminals and
requested communication types and/or services.

The processing unit is further responsible for determining
a mapping between the terminals and the access nodes which
should serve the terminals. This mapping is dynamic and
aligned to the previous determination of the active and unused
access nodes. This mapping does not rely on the usual (eg.
hexagonal) cell boundaries.

Further the processing unit manages point-to-multipoint
wireless backhaul links between the access nodes and a wire-
less backhaul termination unit. The management of the wire-
less backhaul links is preferably dynamic and takes into
account the determination of active and unused access nodes.
Backhaul links are then controlled to serve only the active
access nodes with the necessary capacity and an adapted
transmission scheme, possibly out of a set of adaptive multi-
antenna transmission schemes.

In a further embodiment, the backhaul links and the access
links are in different frequency bands so that the operation of
the ones does not interfere with the operation of the seconds.

In a still further embodiment, the backhaul links and the
access links are in the same frequency band so that the pro-
cessing unit should take into account inter backhaul/access
interference while choosing the active and unused access
nodes in addition to the mere terminal landscape.

The method according to the present invention presents the
advantage to provide for very agile mobile network architec-
ture able to adapt quickly while ensuring lowest interference
possible and hence saving energy, increasing the network
throughput especially the cell-edge throughput, the spectral
efficiency, the network availability.

Another advantage of the present invention consists in
providing an adaptive link management not only in the access
part of the network but also in the wireless backhaul part of
the network, allowing more flexible and cost-effective
deployments and saving energy during operation of the net-
work.
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Further advantageous features of the invention are defined
in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the invention will
appear on reading the following description of a preferred
embodiment given by way of non-limiting illustrations, and
from the accompanying drawings, in which:

FIG. 1 shows a prior art cellular network;

FIG. 2 shows an embodiment of a mobile network accord-
ing to the present invention;

FIG. 3 shows an embodiment of a processing unit accord-
ing to the present invention;

FIG. 4 shows an embodiment of the method for operating
the mobile network according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The functions of the various elements shown in the Figures,
including any functional blocks may be provided through the
use of dedicated hardware as well as hardware capable of
executing software in association with appropriate software.
When provided by a processor, the functions may be provided
by a single dedicated processor, by a single shared processor,
or by a plurality of individual processors, some of which may
be shared. Moreover, explicit use of the term “processor”,
“controller” or “unit” should not be construed to refer exclu-
sively to hardware capable of executing software, and may
implicitly include, without limitation, digital signal processor
(DSP) hardware, network processor, application specific inte-
grated circuit (ASIC), field programmable gate array
(FPGA), read only memory (ROM) for storing software, ran-
dom access memory (RAM), and non volatile storage. Other
hardware, conventional and/or custom, may also be included.
Similarly, any boxes shown in the Figures are conceptual
only. Their function may be carried out through the operation
of program logic, through dedicated logic, through the inter-
action of program control and dedicated logic, or even manu-
ally, the particular technique being selectable by the imple-
menter as more specifically understood from the context.

FIG. 1 has already been described in connection with the
prior art.

FIG. 2 shows an embodiment of a mobile network accord-
ing to the present invention. The mobile network comprises
access nodes 21, terminals 22, wireless backhaul termination
23 and processing unit 24. Terminals 22 are connected
through wireless access links to access nodes 21, which are
themselves connected through point-to-multipoint backhaul
links to wireless backhaul termination 23.

Terminals 22 may be any kind of fixed or mobile user
equipments having a radio transceiver adapted to be con-
nected to an access node 21.

Access nodes 21a, 215, 21¢ may be usual base stations,
femto base stations, metro base stations, relay nodes, remote
radio heads, a mixture of them or any kind of equivalent
equipment adapted to establish a connection between a user
terminal and the mobile network. Access nodes 21a, 215, 21¢
may use single antenna systems but could advantageously use
adaptive multiple antennas transmission systems for reaching
terminals 22.

Wireless backhaul termination 23 is a piece of equipment
adapted to generate point-to-multipoint links towards access
nodes 21. Wireless backhaul termination 23 preferably inter-
faces the radio access part of the network with the core net-
work (not represented). The wireless backhaul is organized as
point-to-multipoint network (e.g. at 30-80 GHz). The use of
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self-adapting beamforming arrays to connect to access nodes
21a, 215, 21¢ is advantageous.

The transceiver of wireless backhaul termination 23 pref-
erably comprises an adaptive multiple-antenna system which
enables it to create beams oriented toward access nodes 21a,
21b,21cto be served by using adapted transmitting weights at
the multiple antenna systems. This beamforming might be in
a two-dimensional (depending on the azimuth) or three
dimensional (depending on the azimuth and the elevation)
way. In a preferred embodiment, the adaptive multi-antenna
system is used adaptively to selectively generate beams only
toward a subset of access nodes 21a, 21¢ which have been
selected by the processing unit 24 according to the present
invention to be active.

Wireless backhaul termination preferably considers infor-
mation from processing unit 24 to schedule backhaul traffic,
define appropriate adaptive multi-antenna transmission
schemes is applicable and calculate antenna weights.

In a still preferred embodiment, adaptive modulation may
be used on the backhaul links. This presents especially the
advantage to better manage constraints related to the mobile
terminal distribution and the interference situation.

The point-to-multipoint links may transmit through a
single transmitter the same data flow to a plurality of access
nodes 21a, 215, 21¢ which will in their turn extract out of the
data flow the data addressed to them and/or the data they need
for their functioning (either single antenna systems as well as
a multiple antenna systems at wireless backhaul termination
23 may be adapted to perform this embodiment). Alterna-
tively, wireless backhaul termination 23 may selectively
transmit through point-to-multipoint backhaul links different
data flow to different access nodes 21a, 215, 21¢ using tech-
niques as SDMA (space division multiple access). In this case
multiple antenna systems at wireless backhaul termination 23
are mandatory.

In the present embodiment only one wireless backhaul
termination has been assumed. It will nevertheless be under-
stood by those skilled in the art that more than one wireless
backhaul termination may be present in the mobile network,
each wireless backhaul termination being responsible to
establish backhaul wireless links to a set of access nodes. The
allocation between one wireless backhaul termination and a
set of access node might preferably be dynamic.

In a first embodiment of the invention, the frequency band
used by the backhaul links toward access node 214, (215), 21c
is different from the frequency band used for the access links
between access nodes 21a, (215,) 21¢ and terminals 22. A
possible implementation would be to use the 2.5 GHz fre-
quency band for the access links while using frequency bands
in the 30-50 GHz range for the backhaul links.

In another embodiment of the present invention, both back-
haul and access links are sharing the same frequency band
resulting in interference between the access links and the
backhaul links. This interference needs to be taken into
account by processing unit 24 while selecting the active
access nodes and mapping the terminals to the active access
nodes.

In a further embodiment, a combination of wireless and
wireline backhaul links between the access nodes and the
core network through a backhaul termination is possible.

Processing unit 24 is adapted to determine dynamically out
of'the plurality of available access nodes 21, access nodes 215
to remain unused and access nodes 21a, 21¢ to be used for
supporting communication of mobile terminals 22. This
determination takes into account at least one optimisation
criterion reducing the interference between mobile terminals
and active access nodes which serve the terminals.
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For example, mobile terminals 22a which would, accord-
ing to prior art, be served by access node 215 would experi-
ence high interference from access node 21c.

This is due to the fact that terminal 224 is located at cell
edge of access node 215 and 21¢ considering the usual hex-
agonal cell structure 25 around access nodes where all access
nodes are active and serving the terminals located under their
coverage. In the worst case, mobile terminal 22qa located at
the cell edge of cell 215 and of cell 21c¢ is in a zone of
extremely low signal to interference ratio (SINR=0 dB or
even less) and cannot be served with a guaranteed quality of
service when both access nodes are active. This cell edge
situation for terminal 22q is illustrated in FIG. 2 by the
smaller hexagons 25 around access nodes 21a, 215, 21c.

According to the present invention, and to avoid the cell
edge drawback, processing unit 24 tests if the interference
situation experienced by mobile terminal 22a would be better
and the system as a whole would experience less interference
if base station 215 would remain unused. Processing unit 24
consequently determines as well an appropriate mapping
between the mobile terminals and the active access nodes.
The mobile terminals falling under the geographical coverage
area of base station 215 are then reallocated and served by
neighboring base stations 21a, 21¢ which themselves remain
active.

Preferably, processing unit 24 executes an optimization
algorithm to find out the best possible interference situation
for the current mobile terminals topology and communication
requests.

The optimization algorithm looks for minimizing the inter-
ference experienced in the system or in region of the system
as a whole.

A possible way for performing the optimization is to select
the active nodes and the unused nodes in a way that no mobile
terminals are located in a zone where the SINR is below a
predefined threshold. This corresponds to the situation where
no terminal is located in a cell edge of an access node. This
can be illustrated by the fact that the optimization algorithm
avoid that terminals are in a region where the signals from the
serving cell would be in the range of the interference pro-
duced by a neighbor cell. Using this optimization algorithm
results in the fact that the size and the geometry of the cov-
erage areas around the active access nodes is changing
dynamically.

Cell structure 26 is the result of the fact that access node
21bremains unused and access nodes 21a and 21¢ are respon-
sible for serving the terminals that would have been served by
access node 215 . It will be noted that cell structure 26 is not
automatically hexagonal and have only been drawn hexago-
nal for sake of simplicity. Possibly there are some coverage
holes occurring between cells 26 in the system according to
the present inventions in regions where no terminals is
located. The size of cells 26 is much more oriented at the
beams that access nodes generate to ensure coverage to all
terminals allocated to them by processing unit 24.

Visually, this results in constantly moving cell edges of the
active access nodes taking into account that no users are
present or that the traffic demands are low, or on the contrary
that users with high demands are available. A user may there-
fore change attachment to a base station/cell without moving,
simply because the system optimization algorithm in the pro-
cessing unit reorganizes the cellular structure

Optionally, more than one of the active access nodes 21a,
21c¢ can be dynamically assigned to one terminal 22a to be
served for joint transmission/reception to/from the terminal.

It will be clear for a person skilled in the art that any
criterion which directly or indirectly result into an optimiza-
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tion of the interference situation is to be considered as falling
under the scope of the present invention.

Especially, if an energy consumption reduction optimiza-
tion criterion or any other optimization criterion (as for
example but not restricted to the ones mentioned hereafter)
are contributing to reduce the interference between the active
access nodes and the mobile terminals, this should be under-
stood as a criterion to reduce the interference between active
access nodes and the mobile terminals.

Further optimization criteria possibly used at processing
unit 24 may for example be one or more of the followings:
reducing the energy consumption in the radio access network
as a whole or in a region thereof, maximizing the throughput
to the mobile terminals, optimizing the backhaul capacity,
optimizing the energy consumption of the backhaul link.

Ina preferred embodiment of the present invention, the size
of the geographical zone to be served by an access node
changes dynamically based on determinations and optimiza-
tion processes performed at processing unit 24 at regular time
intervals. A frequent update of this assignment of terminals to
access nodes according to terminals movement and traffic
changes leads to a dynamic non-cellular multi-access node
network approach.

In case of more than one wireless backhaul terminations 23
in the mobile network, processing unit 24 might be respon-
sible of allocating a set of access nodes to each of wireless
backhaul terminations 23. This allocation might also be
dynamic changing from time to time depending on predefined
criteria.

When more than one wireless backhaul terminations are
available, it could be advantageous to apply a network MIMO
type of transmission on the backhaul links.

In one embodiment of the invention, processing unit 24 is
a centralized unit controlling wireless backhaul termination
23 and access nodes 21. In an alternative embodiment, pro-
cessing unit 24 is a distributed function in the mobile network
possibly distributed between access nodes 21a, 215, 21c,
wireless backhaul terminations 23 and/or other entities in the
core network.

In a preferred embodiment, wireless backhaul links toward
the different access nodes 21a, 215, 21c are dynamically
switched on and off depending on the result of the optimiza-
tion at processing unit 24. In the case represented access node
21a and 21c¢ are active while access node 215 is unused.
Consequently the backhaul links toward access nodes 21a
and 215 remains established, while wireless backhaul link
toward access node 215 is switched off.

FIG. 3 shows an embodiment of a processing unit 23
according to the present invention.

Processing unit 24 comprises means 241 for determining
dynamically out of a plurality of access nodes, access nodes
to remain unused and, access nodes to be used for supporting
communication of mobile terminals. The determination takes
into account at least one optimisation criterion to reduce the
interference between active access nodes and mobile termi-
nals.

Due to the dynamic aspect of the selection of active nodes,
it will be clear for a person skilled in the art that a check has
to be performed at regular time intervals if a new selection has
to be performed. If the mobile terminals are moving quickly
or if the channel is changing quickly, the selection might need
to be changed after a very short period of time. The trigger
point for modifying the selection may be found using differ-
ent scenario as: reselection at fixed time intervals, reselection
upon trigger . . ..
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Processing unit 24 further comprises means 242 for deter-
mining the mapping between mobile terminals and active
access nodes selected by means 241.

Based on the actual user distribution and traffic require-
ment, means 242 evaluate the assignment of the terminals to
the available access nodes in order to optimize some or all of
the following criteria:

Minimum interference at terminals due to transmission

from different base stations

Maximum throughput of the users (e.g. average throughput

to the users, cell edge throughput, weighted sum
rate, ... )

Wireless backhaul capacity/Backhaul availability

Interference in wireless backhaul system (between back-

haul nodes or from one backhaul node if SDMA com-
munication is used to serve base stations)

Energy consumption

Requested traffic demand of users

Means 242 can assign one terminal to more than one access
node in order to obtain joint transmission.

Processing unit 24 further comprises means 243 for
dynamically managing point-to-multipoint connections
towards access nodes depending on which of the access nodes
have been selected to be active access nodes by means 241.

Alternatively, means 243 may manage point-to-multipoint
connections towards the access nodes depending on the
required backhaul capacity for serving said active access
nodes. It will be clear for a person skilled in the art that means
243 can also manage the point-to-multipoint connections
depending on both previously mentioned criteria.

In a preferred embodiment of the present invention, means
241 receives information from said access nodes to be able to
perform the selection. This information may comprise mea-
surements of channel quality towards a terminal by the dif-
ferent access nodes, the (estimated) number of access node
and/or the (estimated) position of the access nodes located in
the neighbourhood of the access nodes, information on neigh-
bouring other access nodes and user parameters. This infor-
mation is obtained by the access nodes for example by uplink
signal processing or evaluation of control information sent by
the terminals via an appropriate control channel.

FIG. 4 shows an embodiment of the method for operating
the mobile network comprising a plurality of access nodes
adapted to communicate with a plurality of mobile terminals,
and wireless backhaul links adapted to connect access nodes
and a wireless backhaul termination interfacing with a core
network. The method comprises following steps:

Step 41 consists in determining dynamically out of the
plurality of access nodes, access nodes to remain unused and,
access nodes to be used supporting communication with
mobile terminals, the determination taking into account at
least one optimisation criterion to reduce the interference
between active access nodes and mobile terminals.

Step 41 can be further refined in that other optimization
criteria can be applied in addition. Example for such optimi-
zation criteria are: reducing the energy consumption in the
radio access network, maximizing the throughput to said
mobile terminals, optimizing the backhaul capacity, optimiz-
ing the energy consumption of the backhaul links.

The determination at step 41 is preferably based on infor-
mation received from the access node and/or from the termi-
nal which may report information on the number of user
terminals in a Zzone and/or the position of the terminal, further
measurements as SINR/BER measurements reported on a
feedback channel in the uplink may as well be used as basis
for an appropriate determination of the access nodes to be
used and the ones which may remain unused.
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Step 42 consists in determining a mapping between mobile
terminals and active access nodes.

Preferably, the determination of active access nodes at step
41 and the mapping of mobile terminals to active access
nodes are done in such a way that ensure that for each terminal
the SINR is higher than a predefined threshold. The bad
performance of cell edges is then avoided.

Step 43 consists in establishing wireless backhaul links
consisting in point-to-multipoint connections between the
wireless backhaul termination and access nodes. Step 43 pref-
erably only establishes wireless backhaul links towards active
nodes.

It will be clear for a person skilled in the art that the three
steps 41, 42, 43 may not be executed sequentially but may be
all interconnected to exchange information among them.

Iteration between the functions may also be a possibility to
still improve the results.

The invention claimed is:

1. A system comprising a processing unit, a plurality of
access nodes adapted to communicate with a plurality of
mobile terminals and wireless backhaul links adapted to con-
nect said access nodes and at least one wireless backhaul
termination interfacing with a core network,

said processing unit determining dynamically out of said

plurality of access nodes, access nodes to remain unused
and, active access nodes to be used for supporting com-
munication of said mobile terminals, said determination
taking into account at least one optimisation criterion
reducing interference between active access nodes and
mobile terminals,

said processing unit determining a mapping between said

mobile terminals and said active access nodes,

said wireless backhaul links consisting in point-to-multi-

point connections between said at least one wireless
backhaul termination and said access nodes.

2. The system according to claim 1, wherein said process-
ing unit dynamically manages said point-to-multipoint con-
nection depending on which of said access nodes are active
access nodes and/or depending on the required backhaul
capacity for serving said active access nodes.

3. The system according to claim 1, wherein adaptive
multi-antenna transmission is used on said backhaul links.

4. The system according to claim 1, wherein adaptive
modulation is used on said backhaul links.

5. The system according to claim 1, wherein said access
nodes are one of the following: base stations, relay nodes,
small nodes, radio heads.

6. The system according to claim 1, wherein said active
access nodes use adaptive multi-antenna transmission for
reaching their assigned mobile terminals.

7. The system according to claim 1, wherein the backhaul
links and the access links are operated in different frequency
bands.

8. The system according to claim 1, wherein the backhaul
links and the access links are operated in the same frequency
band.

9. A processing unit for use in a mobile communication
network comprising a plurality of access nodes adapted to
communicate with a plurality of mobile terminals and wire-
less backhaul links adapted to connect said access nodes and
at least one wireless backhaul termination interfacing with a
core network, said processing unit comprising:

at least one processor configured to determine dynamically

out of said plurality of access nodes, access nodes to
remain unused and, access nodes to be used for support-
ing communication of said mobile terminals, said deter-
mination taking into account at least one optimisation
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criterion reducing the interference between active
access nodes and mobile terminals;

the at least one processor configured to determine the map-

ping between said mobile terminals and said active
access nodes; and

the at least one processor configured to dynamically man-

age said point-to-multipoint connection depending on
which of said access nodes are active access nodes and/
or depending on the required backhaul capacity for serv-
ing said active access nodes.

10. The processing unit according to claim 9, being distrib-
uted partly in said access nodes.

11. A method for operating a mobile network comprising a
plurality of access nodes adapted to communicate with a
plurality of mobile terminals, and wireless backhaul links
adapted to connect said access nodes and a at least one wire-
less backhaul termination interfacing with a core network,
said method comprising:

using at least one processor, determining dynamically out

of'said plurality of access nodes, access nodes to remain
unused and, access nodes to be used supporting commu-
nication with said mobile terminals, said determination
taking into account at least one optimisation criterion
reducing interference between active access nodes and
mobile terminals,;

using the at least one processor, determining a mapping

between mobile terminals and active access nodes; and
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using the at least one processor, establishing wireless back-
haul links including point-to-multipoint connections
between said at least one wireless backhaul termination
and said access nodes.

12. The method according to claim 11, comprising further
optimization criteria including at least one of the following:
reducing the energy consumption in the radio access network,
maximizing the throughput to said mobile terminals, optimiz-
ing the backhaul capacity, reducing the energy consumption
of'the wireless backhaul links are used to determining access
nodes to remain unused and active access nodes.

13. The method according to claim 11, wherein the size of
the geographical zone to be served by an access node changes
dynamically based on the mapping of terminals to access
nodes determined at the processing unit.

14. The method according to claim 11, wherein said
dynamic determination of access nodes to remain unused and
said determination of mapping between mobile terminals and
active access nodes ensure that for each terminal the SINR is
higher than a threshold.

15. The method according to claim 11, wherein the method
further comprises:

evaluating information at access nodes related to the posi-

tion and/or number of terminals in their neighborhood;
and

sending said information to said processing unit.
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